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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-1812

A STUDY OF SOME TRANSITION MATRIX ASSUMPTIONS
IN CIRCUMLUNAR NAVIGATION THEORY

By Ruben L. Jones and Alton P. Mayo
SUMMARY

A study was made of the transition matrices utilized in midcourse navigation
systems for circumlunar missions to compute future deviations in displacement and
velocity resulting from present deviations from the reference trajectory. The
method selected for computing the matrices involved the calculations of seven
circumlunar trajectories of which the first was the reference or nominal trajec-
tory and the remaining six were obtained by increasing the individual trajectory
parameters by small increments. The differences between the parameters for the
reference trajectory and the corresponding parameters for each of the remaining
six trajectories were determined and divlided by the increment added to a partic-
ular variable to obtaln the elements of the columns of the transition matrices
for that variable. The computations were performed on the IBM 7090 electronic
data processing system.

The individual effects on the elements of the transition matrix of excluding
various masses of the solar system from the trajectory computations and of
increasing the disturbance in the insertion parameters and on the nominal partial
derivatives of changing (shifting) the reference trajectory were studied. The
results indicate that the effect of the planet masses is negligible. Further,
it appears that a modified two-body approach to the small perturbation problem
is applicable. The partial derivatives in the transition matrices may be accu-
rately approximated as a function of the product of the disturbance or shift and
of the corresponding time by a second-degree equation.

The analysis indicated that the small perturbation theory is applicable
within an accuracy of four to five significant figures for perturbations or dis-
turbances up to 2 statute miles. Furthermore, the partial derivatives were found
to be, in general, nonlinear with respect to initial disturbances for shifts or
changes in the reference trajectory.

INTRODUCTION

Circumlunar vehicles will be designed to fly a preplanned or nominal trajec-
tory. Therefore, the onboard navigation system must determine the deviations in
velocity and displacement at any time from the preplanned position and velocity,
determine the future displacement due to the present displacement and velocity
discrepancies, and determine the increment of velocity which must be added to



reach the desired transfer peint into a lunar orbit and the desired conditions

of transfer. Present navigation systems rely on transition matrices for pro-
Jecting discrepancies at a present time to find those at a future time. (Refs. 1,
2, and 3 are examples.)

There are several proposed methods for computing the transition matrices.
One method requires integration of the partial derivatives of the differential
equations of motion at selected points along the reference trajectory to obtain
the deviations in displacement and veloclty with respect to the respective param-
eters of position and velocity (or the elements of the transition matrices).
Another method determines the change at the time in gquestion in the components of
displacement and velocity per unit change in the individual components of the
insertion position and velocity.

For the purposes of this study, the second method was applied, and various-
sized "units" were used as initial displacements. This approach has two advan-
tages: (1) it serves to show the range of displacement from the reference tra-
Jectory over which the transition matrices may be considered constant and (2)
the results may be extrapolated to find the transition matrices which would have
resulted from application of the first method in which the initial displacements
are infinitesimal.

It is the purpose of this paper: (1) to show the variations of the transi-
tion matrices caused by varying the deviations in the insertion parameters; (2)
to compare the transition matrices computed for one nominal trajectory with those
computed for a closely related new trajectory (shifted trajectory); (3) to deter-
mine whether Earth oblateness and two-, three-, or four-body considerations are
required for calculating transition matrices; and (4) to determine whether the
transition matrices may be approximated by a function of the product of the dis-
turbance or shift and the corresponding time of interest by a simple algebraic
equation.

The fundamental assumption underlying the use of transition matrices requires
the deviations in position and velocity at the time of insertion to be linearly
related to the deviations at a later time. If the deviations are large, the
assumption of linearity is violated.

Within the sphere of influence of the Moon the elements of the transition
matrices will depart from linearity because of the large attraction of this body.
However, a method utilizing a set of terminal coordinates which linearizes the
matrices for a wide range of perturbation variables is described in reference 1.
It is the purpose of this paper to analyze the linearity up to the Moon's sphere
of influence (approximately 38,916 statute miles from the Moon's center).

SYMBOLS

In cases where distances are expressed in miles, the statute mile is
intended. The following factors are included for use in converting English units
to metric units: 1 statute mile = 1.6093440 kilometers, 1 foot = 0.3048 meter.



a1,ap,a83,8),85 constants

R radial distance from Earth's center, statute miles

S prodguct of t and &Ax

t time elapsed from insertion, hr

to time at insertion, hr

v total velocity, miles/sec

w percent of nominal partial derivative

XY,Z inertial coordinate axes

X,¥, % orthogonal components of Earth centered, inertial, rectangular coor-

dinate system, statute miles (see fig. 1)

Ox,Ny,Az  disturbance of reference-trajectory position in x-, y,- and
z-direction, respectively, statute miles

ox,dy,dz errors in displacement resulting from initial errors in position and
velocity, statute miles

@ transition matrix

Subscripts:

o nominal- or reference-trajectory insertion point
t hours after insertion

Derivatives with respect to time are denoted by dots over the variable.

Primes denote changes of the reference-trajectory insertion position and
instantaneous changes in the reference-trajectory insertion velocity.

A bar over a variable denotes a vector.

THEORY AND COMPUTATIONAL TECHNIQUE

To determine the elements of a column of the transition matrices, two trajec-
tories were generated - a nominal or reference trajectory and one in which the
initial value of the appropriate trajectory variable was changed by some given
increment. Then the positions and velocities of the nominal trajectory at
selected times after insertion were subtracted from those of the second trajec-
tory at the corresponding times. The differences in position and velocity were
normalized by dividing by the magnitude of the initial displacement or disturbance
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in veloecity. If the disturbance is small, the ratio of effect to cause (dis-
turbance) approaches the partial derivative expressed as follows:

O Trajectory variable at time t
O Disturbance at insertion

For example, if the coordinate system is defined as being Earth centered, iner-
tial, right handed, and rectangular with the X-axis pointed to Aries and positive
in that direction, a disturbance in y, of Ay, at insertion causes an effect

on x after t hours have elapsed which can be represented by
Axt, = Xt disturbed = *t,nominal

Then, the partial derivative of x; with respect to y, 1s given by

oxt _ *t,disturbed ~ *t,nominal (1)
ayO AyO

A disturbance Ax, produces an effect in x., y,, 2y, Xy s &t’ and  2.;

likewise, a disturbance in Xx,, Yo, 205 Xo &0, and io, respectively, pro-
duces a corresponding effect in x¢, as well as in each of the remaining param-
eters. Thus, if the partial derivatives are linear,

3 3 3 3 3 3
Bxy = Tt Bx, + 553 By, + SEE 5z, + ng Bx, + 553 5y, + SEE 82g (2)
o 6] o} (o]

represents the change in x, t hours from insertion, as a result of initial
errors in the parameters X,, Yo, 25 Xg» Yo» &8nd Z,. In like manner, the

deviations By., 082, 8%, B®y,, and bz, are obtained. In matrix notation

o) 5
6yt 5¥o

6 Zt 6 Zo >

iy [ = Pltort) Yok (3)
65't 53.’0

By, B2,

where ¢(t0,t), the transition matrix, is the square matrix of 36 partial deriva-
tives obtained by perturbing each of the 6 parameters X5, Yo Zo» Xos Jg»
and 2Zo 1in turn and evaluating the elements, as described, for the interval con-

tained between the times ty and t, and



X\ 6X£1 are, respectively, the column matrices of initial devia-

By ! Sytl tions and of the deviations resulting after t hours have
52g \ dzy \ elapsed. Thus, a square (6 vy 6) matrix, called a transi-
Sio() and 5itf7 tion matrix, is generated for each time point of the ref-

5Y, &Yt erence trajectory.

Sitho SitJt

Present proposals for the midcourse guidance of the
Apollo vehicle assume that the errors in position and velocity will have been all
but eliminated prior to entering the Moon's sphere of influence. Up to the Moon's
sphere of influence the transition matrices are considered to be linear with
respect to the disturbances over a sufficiently wide range of variables and, as a
consequence, are assumed to be used exclusively over this region. In the vicinity
of the Moon the transition matrices depart from linearity with large disturbances
because of the large attraction of that body. As stated previously, in the method
described in reference 1 a set of terminal coordinates is so defined that the
transition matrices in the vicinity of the Moon are linear over a wide range of
variables. However, in any case the vehicle will be in its terminal phase of
guidance in this region and any necessary corrections will normally be small.

In the appendix, the computational technique is described. Trajectory 1 is
the nominal or reference trajectory and the remaining six are the disturbed tra-
jectories obtained by altering the initial conditions of the nominal trajectory.

The procedure followed in this paper utilizes a trajectory-generation program
based upon Encke's perturbation techniques. Six bodies, that is, the oblate Earth,
Moon, Sun, Mars, Jupiter, and Venus, are included in the trajectory program. (see
ref. 4.) The trajectory is computed in an Earth fixed, rectangular, inertial
coordinate system.

To generate the nominal set of transition matrices, initial deviations were
selected with Axg = Ayo = Az = 1 statute mile and AXg = Ay = A2o = 10 ft/sec
and the calculations were performed. In table I, the seven resulting trajectories
are shown. In table II, the nominal transition matrices are shown. In tables III,
IV, V, VI, VII, and VIII, the transition matrices are shown for the initial devia-
tions in position of Ax = Ay = Az = 2, 6, 10, 25, 50, and 150 statute miles and
in velocity of Ak = Ay = Az = 20, 4O, 50, T5, 150, and 300 ft/sec, respectively.
The results in the tables are shown for every 8 hours from insertion.

In table I, the x, y, and 2z coordinates of the vehicle and its radial
distance r from the Earth's center are in statute miles. The %, J¥, and
z components of vehicle velocity are in statute miles/sec for each of the seven
trajectories every 8 hours beginning with t = 0. In tables II to VIITI, the
partial derivatives of the trajectory parameters with respect to Xxo are tabu-
lated in the x column; the partial derivatives of the trajectory parameters
with respect to y, are in the ¥y column, and so forth.

The results shown are for a fairly low energy lunar trajectory (nominal ref-
erence trajectory) such as would be expected for lunar orbit or landing. The
vehicle was assumed to be inserted into the translunar orbit at approximately
10 p.m., March 18, 1968, and to enter the Moon's sphere of influence 56 hours
later (ref. 5). (See fig. 1.) To simplify the analysis, only that portion of
the trajectory up to the Moon's sphere of influence, approximately 38,916 statute
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miles from the Moon's center, was considered. The orientation of the Moon and
Sun will be described in a subsequent section.

RESULTS AND DISCUSSION

Thirty-six partial derivatives were evaluated for each time, as in equa-
tion (l), for disturbances of the trajectory and for changes of the reference
trajectory and were analyzed. However, discussion of the partial derivatives
th/axo and Bﬁt/aio is considered sufficient to establish the characteristic

nature of the transition matrix. The remaining partial derivatives in the tran-
sition matrix vary, in general, as th/axo although the individual rates of

change of the various partial derivatives vary from one to the other. (Herein—
after the term partial derivative denotes Jxy/dx, or Bit/ako.)

The results discussed in this study are plotted in figures 2 to 12. Tables II
to X are furnished so that the results may be studied in greater detail if desired.
Tables IX and X contain the Oxt/dxo and Bkt/éio for both the disturbances and
the trajectory shifts in terms of percents of the corresponding nominal partial
derivatives.

The Nominal Partial Derivatives for the Reference Trajectory

In figure 2 the axt/axo is seen to be practically linear with both time and
radial distance. The slopes vary from approximately 2.5 to about 2.1 for the time
curve and from approximately O.44 to about 1.0 for the radial-distance curve. How-
ever, the curves of figure 3 start at small values, increase rapidly to large
values and then slowly decrease until the attraction of the Moon in the x-directior
begins to approach that of the Earth, at which point the partial derivative
begins to increase again. (See table I and the appendix.) The rapid increase
of the partial derivative initially is attributed to the large attraction of the
Earth in the positive x-direction which caused the velocity to change from a
negative quantity to a positive quantity at approximately 2 hours after insertion.

Limits of Transition Matrix Assumptions

The effect on the displacement partial derivative of increasing the disturb-
ance is shown in figure 4. As Axo increases, the partial derivatives depart
from their nominal values, the rate of departure increasing with time. (For
example, the partial derivative based on Axy = 50 statute miles 1s 99.2029 per-
cent of the nominal value after the lapse of 8 hours; this partial derivative
decreases to 98.3750 percent of the nominal value after a lapse of 16 hours.)

The displacement partial derivatives may be considered constant within cer-
tain limits, depending on the degree of accuracy required. For instance, if
axt/axo based on a l-mile initial displacement were used to calculate the
x-deviation due to a 2-mile actual initial displacement, the error 8 hours after
insertion would be in the sixth significant figure. Forty hours after insertion
the error would be in the fifth significant figure.



In figure 5 is shown the effect upon the velocity partial derivative of
increasing the disturbance in velocity. The fact that the velocity partial
derivatives are much more critical than the displacement partial derivatives is

evident.

If the approximate magnitudes of the partial derivatives th/éxo and
Bit/éko at zero are desired, they may be obtained by extrapolating the curves

of figures 4 and 5 to the ordinate axis.

Comparison of Transition Matrices of Neighboring Trajectories

In order to determine the effects of using the nominal transition matrices
to compute deviations from a neighboring trajectory, the trajectory studied in
this paper was displaced by increasing the x, y, and 2z coordinates of the
insertion point by increments of O&xp' = Nyt = Nzg' = 5, 10, 25, and 75 statute
miles. Under such circumstances, the insertion point will for each of these dis-
placements be shifted in the same direction for a total displacement of

AxO‘V§ miles. Transition matrices were then computed for the new trajectory as

previously described with increments of 1 mile and 10 ft/sec in the initial
parameters of the trajectory.

In figure 6 the displacement partial derivatives, expressed as percents of
the nominal partial derivatives, are plotted as a function of the shift in the
reference trajectory in terms of Ax,'. Nearer insertion, the percentages
decreased in magnitude. Further increase in time served to increase the magni-
tude of the partial derivatives. (See fig. 6.)

In figure 7 the velocity partial derivatives, expressed as percents of the
nominal partial derivatives, are plotted as a function of the same shifts in the
trajectory as for figure 6. These curves are seen to increase smoothly at all
times. However, the shifts have a greater effect on the velocity partial deriva-
tives than on the displacement partial derivatives.

Figures 8 and 9 show, respectively, the displacement and velocity partial
derivatives, expressed as percents of the nominal partial derivatives, plotted
as a function of the instantaneous changes in velocity. The changes in velocity
were derived in the same manner as were the shifts in figures 6 and 7. That is,
the magnitude of the vector increase in velocity is equal to Aio'Vg where
Dyt = Ay, = A2yt = 10, 20, and L0 ft/sec and is always in the same direction.

The abscissa of figures & and 9 is in terms of AX,'.

The curves of figures 8 and 9 appear to be essentially straight lines. How-
ever, a close examination of table X(b) will show some curvature.

A comparison of figures 6 and 7 with figures 8 and 9 indicates that changes
in the vehicle velocity affect the partial derivatives much more radically than
do shifts of the reference trajectory. In figures & to 9 the nominal partial
derivatives are seen to vary nonlinearly with the trajectory shift and change in
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initial trajectory velocity. However, the ratios of the partial derivatives
based on the new reference trajectory to the corresponding nominal partial deriv-
atives are believed to be essentially the same as those plotted in figures b

and 5. Therefore, the results in figures 4 and 5 are considered to be general.

The Effects of Small Perturbations on the Vehicle Trajectory

Figures 10 and 11 show the effect of the various perturbing forces of the
solar system on displacement and velocity, respectively, of a circumlunar tra-
jectory. The effects of the perturbing forces are shown as absolute magnitudes
of the vector differences in displacement and velocity. Of the factors affecting
the vehicle, shown in figure 10, the Earth's oblateness is most important. One
interesting result shown in figure 10 is that, if the mass of the Sun is omitted,
a displacement error of less than 100 miles results after 56 hours of flight.

At the time of insertion the Sun lies approximately on the positive X-axis
and the Moon is in a plane approximately 38.2539 from the negative Y-axis meas-
ured clockwise from it. The vehicle is located in the second quadrant 21.3%116°
counterclockwise from the positive Y-axis. After 56 hours the vehicle has
advanced to within approximately 38,916 miles of the Moon; the Moon is still
located in the third quadrant of the coordinate system and is approximately
2.0649° clockwise from the negative Y-axis. The vehicle is in the fourth quadrant
and 7.3132° counterclockwise from the negative Y-axis. Therefore, the individual
effects of the Sun and Moon should oppose each other slightiy.

The most striking characteristic of figure 11 is the fact that the data
which resulted from omitting the Earth's oblateness effect (curve 1) and from
omitting the oblateness effect along with other masses (curve 4} indicate that

IZV‘ increases rapidly (to approximately 0.0043 mile/sec and 0.004 mile/sec,

respectively) 2 hours after insertion. This is explainable. Near the Earth the
attraction of tne equatorial bulge is greater than the single or aggregate attrac-
tion of Moon, 3un, and planet masses. If the effect of the equatorial bulge is
neglected, the Earth may be considered a sphere of equal mass; the equatorial
bulge, therefore, exerts a larger or smaller force than the oblate ellipsoid in
accordance with the proximity to the equatorial plane or the polar axis, respec-
tively. Thus, the velocity will be affected by a larger acceleration, for this
trajectory, due to the changed potential field plus the effect due to the change
in the field that results from a change in position. Finally, the results show
that the effect of the planets on the lunar trajectory is negligible for both
velocity and displacement.

Effects of One-, Two-, Three-, and Four-Body Considerations
on the Transition Matrix
The effects discussed in the preceding section were found to be small for
the Sun and planets. Furthermore, the Earth's oblateness was found to be most

ceritical initislly. If the combined effects of the Sun's and Moon's masses and
the Earth's oblateness can be omitted from the transition matrix computations
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without affecting the accuracy greatly, the problem of computing them can be
reduced to a series of two-body problems.

In figures 12(a) and 12(b), the displacement and velocity partial deriva-
tives resulting from omitting various perturbing forces, expressed as percents
of the nominal partial derivatives, are plotted against time. For all cases
investigated the contribution to the partial derivatives by the masses of the
planets was found to be negligible. The Sun's mass was found to contribute less
than 0.1 percent to the displacement partial derivative and approximately 0.1 per-
cent to the velocity partial derivative after 56 hours. Thus, for this trajec-
tory, it appears that the mass of the Sun as well as the masses of the planets
Mars, Venus, and Jupiter might be omitted from the computational scheme (for
computing the partial derivatives of a translunar trajectory) without greatly
affecting the results.

Up to 14 hours after insertion the effect on the position partial derivative
of omitting the Earth's oblateness was practically negligible. Thereafter the
effect became greater and the position partial derivative increased smoothly to
approximately 100.6 percent of the nominal partial derivative after 56 hours.

The velocity partial derivative increased smoothly to about 103.8 percent of the
nominal value. (See fig. 12.)

Tf the Moon's mass is omitted from the computations, the effect on the
x component of position and velocity 1is practically negligible up to 16 hours
after insertion. After 16 hours the position partial derivative based on no
Moon mass begins to decrease gradually until it is approximately 95.9 percent of
nominal partial derivative after 56 hours. The velocity partial derivative
decreases rapidly to approximately 82.8 percent of the nominal partial deriva-
tive after 56 hours from insertion.

Although the effect upon the partial derivatives of omitting individually
the Sun's mass, the Moon's mass, and the Earth's oblateness can be significant,
the combined effect of omitting all three will be quite tolerable for this trajec-
tory up to approximately the Moon's sphere of influence (about 38,916 statute
miles from the Moon's center) because of the opposing effects of the Moon's mass
and the Earth's oblateness. Up to 40 hours after insertion, the maximum dis-
crepancy introduced into the position partial derivatives by omitting the total
effect was approximately 0.1 percent of the nominal value. The velocity partial
derivatives deviate from the nominal value by a maximum of about 0.2 percent over
a 27-hour interval. Thereafter the velocity partial derivatives decrease very
rapidly.

The results discussed in this section and in the preceding section will vary
with changes in the insertion parameters and orientations of the Sun and Moon.
However, the orientation of the Sun and Moon is not expected to change the results
greatly.

An Algebraic Approximation to the Partial Derivatives

The partisl derivatives represented by the curves of figures 4 to 9 are not,
in reality, strictly linear with respect to disturbance in, or shifts of, the
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reference trajectory. Neither are the partial derivatives linear with respect
to time. However, the curves in each figure do vary smoothly and systematically
with time and shift of reference trajectory or disturbance.

From the curves in figures 4 to 9 and tables IX and X, the following general
equation is assumed to represent the partial derivatives:

als2 + 2aows + a5w2 +2ays + 2a5w + 1 =0 (4)
where
ay,8p,83,8), and ag constants
s product of disturbance or shift and time from insertion
w percent of nominal partial derivative

By the method of least squares, empirical values for a;, aop, a3, ay, and as

can be computed from at least five percentages of each partial derivative. Con-
stants are computed for the disturbances with time maintained constant, and for
shifts with the deviations maintained constant.

For test cases in which six different values of w were processed, in
general, an accuracy up to five significant figures was obtained for interpolated
disturbances and times, whereas in some cases agreement to six significant fig-
ures was obtained for the percentages employed in the least squares fit. The
scatter of errors in the predicted percents was found to be generally symmetric
about zero. Thus, the approximation 1s considered good.

Only 85 percent of the 72 partial derivatives (36 for disturbances and
36 for shifts) were analyzed. However, the approximating polynominal was found
to be, in general, applicable with an accuracy of four to five significant fig-
ures for disturbances up to 50 miles and shifts up to 10 or 15 miles. An increase
in data points should improve the approximation.

Thus, i1f it became necessary to change partial derivatives during a trans-
lunar flight, it could be done with a simple analytical expression and the appro-
priate constants. The constant of the analytical expressions for the various
partial derivatives of the particular reference trajectory could be tabulated
and stored in a computer along with the corresponding precomputed nominal partial
derivatives.

CONCLUDING REMARKS

A study was made of the transition matrices utilized in midcourse navigation
systems for circumlunar missions to compute future deviations in displacement and
velocity resultlng from present deviations from the reference trajectory. The
results have shown that:
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1. The elements of the transiticn matrices are effectively linear within
certain limits, depending upon the degree of accuracy required. For initial dis-
turbances of 2 statute miles, accuracy of four significant figures is obtainable
for a period of 40 hours after insertion, and accuracy of five significant fig-
ures is obtainable in the first 8 hours.

2. The partial derivatives were found to be, in general, nonlinear with
respect to initial disturbances for shifts or changes in the reference trajectory.

3. Since the curves produced by varying the disturbances and by shifting the
reference trajectory are smooth and change systematically with both time and dis-
placement, it is possible to represent these data as functions of the product of
the disturbance or shift and the time from insertion by analytical expressions.
Constants of the analytical expressions for the various elements of the transi-
tion matrices of a particular reference trajectory may be tabulated and stored
in a computer along with the correspcnding precomputed nominal partial deriva-
tives and reference trajectory. Thus, if it became necessary to change refer-
ences and/or partial derivatives during a translunar flight, it could be done
with a simple analytical expression and the appropriate constants.

4, The effect of the masses of Mars, Venus, Jupiter, and the Sun on the
partial derivatives is negligible and may for all practical purposes be elimi-
nated, for this trajectory, from the computational scheme.

5. The combined effects of the Sun's and Moon's mass and of the Earth's
oblateness could be omitted from the partial derivative computation scheme up to
%0 hours after insertion with a reduction in accuracy of no more than 0.05 per-
cent. Hence, the problem of computing transition matrices may be reduced to a
series of two-body problems for the aforestated accuracy.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., June 26, 1963.
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APPENDIX

COMPUTATTONAL PROCEDURE

Over each given interval seven trajectories are generated by the Encke method
(ref. 4) with the following initial conditions:

Components
Trajectory | Time
Displacement Velocity
1 to Xo Yo Zg X Yo Z
2 to | Xo + OXg Yo Zg Xq Y 2,
3 to Xq Yo + AV, Zo Xg &o éo
4 tg X4 Yo zo + Azg Xo Yo Zq
2 o Xo Yo 2o Xo + DX, Yo 24
6 to Xo Yo Zo X Vo + OV 24
T to X, Yo Zg Xq &b io + Aéo

The following six partlal derivatives can be generated by using trajectories
1 and 2 with &Ax,:

x _*2- % x _¥o - X
Oxq AV Ox, X
dy _Yo - %1 oy _Ya- N1
Oxq VAL 4SS ox DX
dz_ _ 2" " 2 _22" 7"
BXO Axo BXO AXO

Numerical subscripts refer to trajectory numbers.
The other partial derivatives are generated by a similar process with tra-

Jjectories and disturbances used in the computations as indicated in the fol-
lowing table:
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Six partial derivatives

Trajectories Disturbance generated with respect to -
1 and 3 AN Yo
1 and 4 Az Zg
1 and 5 S9N X,
1 and 6 &Y, io
1and 7 Az Z

For example, six partial derivatives with respect to Yo

using trajectories 1 and 3 with Ay,.

are generated by

The computations were performed on the IBM 7090 electronic data processing

system.
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z -0.854L6L+°2 x 102 | -0. 55356)4‘ x 1037
r 0.17370483 x 10° x 100
X 0.20018366
4 -0.586b1376 -0.58 %5065
b2 -0.3%1325181 -0.31217131
x 0. 1791780 x 107 0. Fij 5 0.13936160
¥ x ' -0, 315620923
pa 9% L ~0. 41034207
r X . 0.13041003 010' i T
b 0. 18764000 0.13G65537 L1868 54000
¥ -0.52000007 -0.50500400 1502720
i | -0, ETT20106 <0 5813776 TIIE
to=5
|
x 107 D.22T93367 x 108 1 0. G X 102 0,2 379085 % 107 G.23140325 Lo x 107
¥ ol -0.18261873 x 10 | 0. x 108 | ~0.17954271 x mO -0.18138LL Bibui
Y 107 20.99808LEG x 10% | ~0.99667566 x 107 | -0.03307046 x 107 | -0.09143ka3
r 100 0.20935781 x 100 | 0.2080AG9k x 106 0.706k2100 x 100 0. 208002730
X 0. 1695475, 0.1687 BluO I 0.16891309 0.1728818 o 1m152r5
¥ -0 46010854 ~0L 4710053 | -0.b6y15106 -0.43136311
S ~0L,E6s1 EER I ‘\ —G. 248G -0.2 3833701 _0.2an 9118
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TABLE IT.- NOMINAL T

NOITION

MATRICES

Trajectory parsmeter Trajectory
. co T . parameter
X N z X Y Z
t =0
0.09999999 x 10 0 ) 0 ¢} 0 x
0 0.09999999 x 10 0 o 0 ¢ y
o o 0.09999999 X 10 0 o o} z
0 0 0 0.99999905 a 0 %
0 0 ! 0 0.99999118 o N
© 0 0 0 2.99997 44 3
t =8
r'o.56u21755 x 102 -0.51426147 x 102 -0.25865722 x 105 0.75400949 x 10D 0.18514805 x 10’: 0.48078164 x 10 x
0.12245605 x 102 -0.42011718 x 10° ~0.1:87ThiL x 102 0.51271687 x 107 0.16670413 x 107 0.94893046 x 101: ¥y
0.95358886 x 10 _  -0.18279053 x 10° -0,23750732 x 10° 0.32235585 x 10- 0.68184661 x 10 0.10068609 x 107 z
0.10840315 x 1072 -0.17486587 x 10'5 -0.89327060 x 1077 0.25275100 x 10 0.22058791 0.25644743 x
0.87766349 x 1072 -0.23033470 x 107 -0.10244846 x 107° 0.29383843 x 10 0.71983409 0.52977920 ¥
|_0.56602061 x 1073 0.11634156 x 1072 -0.99303573 x 107> 0.17639479 x 10 0.38300908 0.35796976 N )
t = 16
—_ —
0.6459399% x 102 -0.98570678 x 105  -0.50047485 x 107 0.15217560 x 108 0.87948867 x 10% 0.12275806 x 107 x
0.h2g2k80s x 109 -0.1208349% x 100 -0.51910156 x 10 0.1533030L x 10‘6 0.461324765 x lo? 0.28112905 x 107 y
0.28578129 x 107 ~-0.59395996 x 102 -0.54862304 x 10° 0.92530163 x 10”7 0.20309695 x 10° 0.721788508 x 107 z
0.89053623 x 10‘2 -0.15316550 x 10-2  -0,78790262 x 10‘? 0.21923140 % 10 0.24874780 0.25548953 x
0.12243316 x 10™ -0,31141192 x 10'5 -0.15099496 x 107 0.40649331 x 10 0. 9TTH0662 0. 74808741 v
|_0.7u22566!+ x 1073 -0.16535968 x 107°  -0.11603534 x 1072 0.23710047 x 10 0,54 209626 0.45205700 | z
t =24
l_o.88510785 x 102 -0.13995527 x 109 ~0.71365283 x 102 0.201247h5 x 108 0.15833925 x 107 0.19355577 x 100 x
0.81874999 x 102 -0.21951953 x 109 -0.1006357k x 107 0.08272285 x 102 0. 72436547 X 102 0.52060593% x 107 ¥
0.51846679 x 102 -0.11227880 x 107 ~0.90323730 x 102 0.16733011 x 100 0.37650679 x 107 0.355L6796 x 107 z
0.76276809 x 107> ~0.13467036 x 10-2  ~0,69435500 x 10‘? 0.19173988 x 10 0.23724899 0.23494962 X
0.14718100 x 1072 _0.37196055 x 10'2 -0.18614158 x 10-¢ 0.48ukolB] x 10 0.11771664 x 10 0.90945232 v
0.86926669 x 1070 ~0.20059086 x 107¢  -0.129928k4 x 10°< 0.28153080 x 10 0.65802848 0.52920851 J 3
t = 32
0.10879968 x 107 -0.176379%5 x 107 -0.90150573 x 102 0.2929997% x mg 0.20372066 x 107 0.25779187 x 10° x
0.12736525 x 107 -0.33832617 x 102 -0.15864062 x 10° 0.43419131 x 107 0.10889175 x 1o§ 0.80283843 x 102 N
0.78h79k92 x 102 -0.1745 3164 x 1o5h ~0.12957910 x 107 0.25400409 % 100 0.58048031 x 10” 0.52191562 x 107 z
0.66395104 x 1075 -0.11871103 x 10-2  -0.61251293 x 1073 0.16831052 x 10 0,21626356 0.21115145 %
0.16837865 x 10~2 ~0.L24hi691 x 1072 -0.21609962 x 10';’ 0.56118120 x 10 0.13516548 x 10 0.10480989 x 10 ¥y
0.97835809 x 1077 -0.23045801 x 1072 -0.1L253706 x 10-F 0,31969068 x 10 075647056 0. 59790069 ] z
t = Lo
— —
0.126TTH17 x 102 -0.20865698 x 100  ~0.10679687 x 105 0.29864355 x 100 0.2830478% x 102 0.31549095 x 102 x
0.17873828 x 107  -0.46369336 x 100  -0.22:90625 x 102 0.60553068 x 100 0.1501809k x 106 0.11233406 x 105 ¥y
0.10813476 x 105 -0,24479500 x 103 -0.17237109 x 107 0.35121796 x 10 0.81144937 x 107 0.70345172 x 107 z
0.5886871% x 1072  -0,10622200 x 1o‘f -0, SHT62140 X 10'2 0.14972497 x 10 0.19701397 0.19083086 x
0.18831342 x 10"':’ -0.4737098% x 107 -0,24393126 x 1677 0.628LL156 x 10 0.15145855 x 10 0.11768045 x 10 v
L_o.1080k981 X 1072 _0.25796741 x 1072 -0.15559098 x 107¢ 0.359517570 x 10 0.8L656686 0.66240299 1 z
t = 48
0.14307934 x 103 -0,23832857 x 103 -0.12208984 x 107 0.34023193 x 106 0.33898089 x 107 0.36924292 x 107 x
0.23589453 x 102 -0.60724609 x 105 -0.29915430 x 103 0.79626834 x 106 0.19612002 x 106 0.14806274 x 106 y
0.14072753 x 10° -0.32299121 x 1o5q ~0.21862109 x 10° 0.45856903 x 106 0.1067833% x 106 0.90337499 x 107 z
0.55380538 x 10°2 -0.10212138 x 107 ~0.52625500 x 103 0.14198550 x 10 0.19736803 0.187402k6 x
0.20893216 x 10-3 -0.523762:0 x 10 -0.27200058 x 1072 0.69686833 x 10 0.16764382 x 10 0.13050538 x 10 y
0.11841170 x 10~ -0.28520785 x 107 -0,16666614 x 10-2 0.39056886 x 10 0.93391925 0.72603786 ] z
t = 56
0.15987427 x 103 -0.27033227 x 102  -0.13859375 x 100 0.38392986 x 108 0.10458386 x 102 0.42976828 x 10° x
0.29955468 x 102 -0.76620898 x 107 -0.38203711 x 107 0.10081180 x 107 0.2469008: x 106 0.1876627h x 106 y
0.17651074 x 103 -0.40938281 x 105 -0.26845996 x 1 0.5T660T45 x 106 0.13497979 x 106 0.11220618 x 108 z
0.65628439 x 1073  -0.130683%6 x 107°  .0.674TH8T9 x 1072 017815237 x 10 0.28769830 0.25664708 %
0.23L83261 x 102  -0.58319978 x 107°  -0.30527227 x 107° 0. 77866408 x 10 0.18562000 x 10 0.1450606% x 10 y
0.13070609 x 107  -0.31591300 x 107%  _0.17974693 X 107 G.43075203 x 10 0.102598%5 x 10 0.79412100 z
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TABLE III.- TRANSITION MAIRICES FOR Axe = “{')'J = e, o= O CTATUTLE MILES  AND A% = Ad = Aly = 00 FTAL

x ¥ o
L= L
0.0999999% x 10 G 0 o o X
0.09999999 x 10 0 0 & ¥ !
0 [o} L i ) v z
v} o] ? HhE x L i %
0 o ) U 3
s o 0 o 0100000 % X 10|
t =8
ﬂ).%ur{nu x 10°  -0.51420532 x 10°  -0.0 ,85877‘ x iO: FTLBOLE35 X 107 x
1250976 x 10¢ -0.41976807 x 10 . {,1570810 x 10~ ¥
0.94386962 x 10 ~0.18207324k x 107 2.32291531 x 107 :
0.10836003 x 107  -0.17488543 x 107¢ .L/L/7818 x 10 x
0.87793L71 x 1072 -0.23012087 x 107% C < 29LLB162 x 1O v
0.5661584k x 1070 -0.11619963 x 107°  ~0.9% rz’ua)u x 107~ ‘).1767‘482: x 10 z
1= 1%
0.645T5226 x 107 0.3B979650 x 107 ~0.50058500 x 105 0,1420784h x 106 wosbLy x 10" 0.1 6819 x 107 x
0.4293896 x 10- ~0.12071045 X 107 875976 x 10° 1.15366T08 x 1o§ 041317289 x 107 1103882 x 107 ¥
0. 28484961 x 107 -0.5931665C x 10°  -0.5485L680 x 107 D.G0629066 x 107 0.:0030853, x 10 SLTTETTT x 1] z
0.88990573 x 1070 _0.15325528 x 107¢  _0.76826491 x 1072 1.21876272 x 10 0. 4872960 L 05525850 X
0.1224808k x 107¢  -0,31102iLg x 1077 —0.15038990 x 107°  0.40769552 x 10 0. a7TH 0826 0, 4795169 v
O.THERTETL x 1075 -0.16511306 x 1072 _0.1160137. x 107%  0.237746k2 x 10 0.54220007 0.45182L.90 z
b= ol
0.88270595 x 102 ~0.14000428 x 107 -0. 71539792 x 107 . 20096637 X b 107 0. 19335050 x 107 x
0.81908203 x 107 -0.21925830 x 107 -0, 10056543 x 102 0. 08752053 x 100 107 0.520LBUTE X 107 v
0.51862305 x 10° -0.11211279 x 1o5q -0.90308105 x mg 0. 16776207 x 106 107 0.35928878 x 107 z
0.76192059 x 10-2 -0.1348578% x 107=  -0.60434639 x 107 0.19092979 x 10 £ 0.23467916 %
0.1472L806 x 1072 -0.37138090 x 1072 -0.1&597767 x 107F  0,LG13112G x 10 0. u77w x 10 0. 90945025 b
0.86957030 x 1073 -0.20023286 x 107°  -0.12488709 x 107¢  0,.2824053h x 10 0 G LIG056 3, 2z
t o= 3
0.10873239 x 107 -0, 17649734 —0.,GOLIOTHT x 10 comzlegys x 106 o 1o§-1 x
0.12742187 x 102 -0,3338601h ~0.15851060 x 162 Ch3n60773 x 1090 x 10/ ¥
0.78505371 x 107 -0. 174 1LTUE -0.10454883 x 107 coosh7elsl x 10 - x 107 z :
0.66251041 x 1070 -0.11901008 -0.61323L01 x 10"2 €.16709892 x 10 ‘).Llu()STCi I b3 !
0.16856997 x 1072 —0.42366199 S0.21 88057 x 1075 (L.56368081 x 10 0.1%50307T9 x 10 080 x 10 | y
| 0-97875209 x 1073 -0.22998247 -0,2476 7300 x 107F  ,32102074% x 10 L7093 TE 0.05781611 i %
t = Lo
0.12667224 x 107 -0.,20888049 x 107 S0LL06R7353 x 100 C.09765484 x 108 0.3087606 x 107 0.33509718 x 107 x
0.17882617 x 10° -0.4629775L x 105 ~Q.2hroBoL x 102 C.60TT851T x 106 0.15021600 x 106 0.11233457 x 102 v
0.10817529 x 107 ~0.2LL356h x 100 -0.17051834 x 103 0.35241885 x 109 0.E61175616 x 107 0.70383773 x 107 z
0.58726838 x 10"2 -0.10667005 x 1077 -0.54892804 x 10'2 0.14798653 x 1 0.13668353 0.19040649 X
0.1884 2854 x 1072 -0.47270879 x 1072 -0.24364591 x 107 (L63169078 X 10 0.15156712 x 10 0,11771723 x 10 y
0.10810588 x 107¢  -0.25736573 x 1075 -0.1%44972G x 107 (.3569112k x 10 0.8-726807 0.6624 2850 z
t = ub
5 . : =]
0.14293188 x 107 -0.23871569 x 102 -0.17021301 % 103 0.33862008 x 106 0.23865669 x 102 0.36869701 x 102 x
0.23601855 x 102 ~0.50620605 x 107 -0, 26886719 x 107 0.79955003% x 108 0.19616273 x 102 0.14807460 x 108 ¥
0.1L0T8662 x 105 -0.3223564k x 107 -0.218.3759 x 107 0.46033427 x 106 0.10683827 x 100 0.90317648 x 10° z
0.55186823 x 1073 -0.1028596k x 1o-§ -0.52835609 x 1072 0,13925812 x 10 0.1965812L 0.18669435 %
0.20906851 x 1072 -0.52251779 x 107  -0.27164891 x 107 0.70088485 x 10 0.15780373 x 10 0.13056695 x 10 ¥
0.1184817k x 1072 -0.28446506 x 107 -0.166.3296 x 102 0.39275710 x 10 0.534 90469 0.7262168% n z
t o= 56
0.15965100 x 103 -0.27105676 x 105 -0.13%61213 x 102 (.3811486L x 106 0,40386377 x 102 0.4289007h x 107 x
0.29971484 x 102 ~0.784774LI x 103 -0.3B8163670 x 103 .10126586 x 107 0.24703439 x 106 0.18769575 x 100 y
0.17659131 x 102 -0.40850781 x 105q ~0.26552666 x 102 (.57907781 x 10° 0.15507003 x 106 0.11219458 x 106 z
0.65210834 x 10'2 -0.13263179 x 107¢  -0.68010390 x m'é . 16T78706 x 10 0,£8508543 0. 25477946 x
0.23L85555 x 1072 -0.56167949 x 107°  -0.30445801 x 107¢  €.783273%h x 10 0.18987059 x 10 0.14516046 x 10 k4
0.13078982 x 10-<  _0.31L06789 x 107 0,17 1950 X 107°  (.43351389 x 10 C,10275437 x 10 0. 79462700 z
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TABLE IV.~ TRANSITION MATRICES FOR Axg = Ay, = Azg = 6 STATUTE MILES AND AX, = Ayg = Ak = 40 FT/SEC
- B Trajectory parameter - Trajectory
x y - % ¥ 5 parameler
t =0
rn-).og999999 x 10 0 0 0 0 o X
0 0.09999999 x 10 0 0 o G ¥
0 0 0.09999999 x 10 o 0 > z
o 0 o 0.10000148 x 10 0 o %
0 ) 0 0 0.100000LY % 10 o v
o} o} 0 [} v} 0.10000069 x 10 z
t =8
- . n
0.36393879 x 102  -0.51396748 x 10°  -0.25886209 x 10°  0.7h378309 x 107 0.18390249 x 10°  0.47872881 x mt x
0.12274658 x 102  .0.31837808 x 102  -0.14836913 x 105 0.51567978 x 102 0.16654687 x 102 0.94T56406 X 10, y
0.955057T7 X 10 -0.18170003 x 10° -0.23T40356 x 10 0.32L02551 x 10 0.68118896 x 10 0.10053269 x 107 z
0.10819562 x 1072  -0.17493454 x 10°°  -0.8943335kL x m'z 0.25223621 x 10 0.22032016 0. 25579507 x
0.87903440 x 1073 -0.22926653 x 10'5 -0.10218893 x 107  0.29576309 x 10 0.71917319 0.52916% L y
0.56665266 x 1070  -0.11563909 x 1072  -0.99273026 x 10°2  0.17745036 x 10 0.38285172 0.35773¢15 5
t =16
— —
0.65490987 x 10°  -0.98615285 x 108 -0.50111267 x 107  0.1b187483 x 105 0.87775488 x 10%  0.12236071 x 107 x
0.43003254 x 102  -0.12022640 x 107 —0.51757975 x 102 ©.15439411 x 106 0.41296535 x 107 0.28084517 x 102 ¥
0.28615071 x 102  .0.59007161 x 102 -0.54835205 x 102,  0.93026677 x 100 0.20303120 x 10° 0.21752349 x 107 z
0.88737874 x 1072  ~0.15362560 x 1072  -0.78989037 x 10-2  0.21779535 X 10 0. 24860642 0.25L81339 F
0.12264848 x 10~2 ~0.30947787 x 107 -0.15049402 x 1072  0.41010778 x 10 0.97732598 0. 7765861 v
0.74321280 x 1073 -0.1641302C x 1072  -0.1159:482 x 1072  0,5350L157 x 10 0.54232049 0.45135083 z
t = ch
r_0.88101269 x 102 -0,1k019706 x 103  -0.71501999 x 102  0.20038593 x 100 0.15810715 x 102  0.19295347 x 109 x
0.820%0598 x 102 -0.21822298 x 162  -0.10030338 x 103  0.28511858 x 106 0.72416823 x 102 0.5202:370 x 100 ¥
0.51918264 x 102 -0.11145817 x 107 -0,90258218 x 107 0.16862523 x 106 0.3765TULT x 100 0.35892656 x 107 z
0.75852808 x 1072 -0.13558932 x 1072 -0.697h962 x 1070 0.18926528 x 10 0.2369362k4 0.,23417218 x
0.14749616 x 102 -0.36909133 x 10-2  -0.18537119 x 10'?) 0.4gh9T690 x 10 0.11779257 % 10 0.90941298 v
0.87069161 x 1073  -0.19881651 x 10-2  -0.12974602 x 102  0.28ub5262 x 10 0,65872823 0.5286583%5 J 3
t = 32
F).losujegz x 102 -0.17696109 x 10°  -0.90398305 x 10°  0.25125590 X 102 0.22336400 x 102 0.25695658 x 107 x
0.12763020 x 100  -0.33205827 x 100 -0.1580u39% x 100  0.4384120 x 10 0.10890902 x 100 0.80253937 x 107 y
0.78600b22 x 102,  -0.17301887 x 107 -0.1204k531 x 10°.  0.25629552 x 10° 0.58082835 x 10° 0.52125562 x 10° z
0.65860587 x 1072  -0.12017103 x 1072  -0.6169130k x 10™2  0.16461247 x 10 0.21565995 0.21014880 %
0.16881153 x 1072 -0.42056316 x 1072 -0.2150h425 x 1072 0.56875486 x 10 0.13534359 x 10 0.1048548% x 10 ¥
0.98038716 x 107>  -0.22810393 x 102  _0.1422k139 x 1072  0.32371846 x 10 0.75775351 o.s9m6ezsh | s
t = 4o
0.12625615 x 100 -0.2097561k x 109 ~0,10720149 x 10>  0.29561806 x 102 0.28245438 x 102  0.31431146 x 102 x
0.1791558% x 107 -0.46015071 x 103  -0.22396321 x 10°  0.61231861 x 10 0.15026678 x 105  0.1123268k x 10 ¥
0.10832259 x 103.  -0.2b261588 x 107 -0.17213297 x 10°.  0.35u4B4526 x 109 0.81225690 x 10°  0.70276k65 x 107 z
0.58193194 x 10"2 -0.10841396 x 1072 .0,55L16767 x 1073  0.1441k25 x 10 0.19592256 0.18953021 x
0.18887222 x 107 -0.46873514 x 1o-§ -0.24256073 x 10-2  0.63832186 x 10 0.1517629% x 10 0. 11778745 % 10 ¥
0.10831896 x 107<  -0.25498649 x 107°  -0.15h1516k x 107¢  0.36044B1T7 x 10 0.8485LE10 0.66245954 N z
t = 48
0.14232959 x 103  -0.24023747 x 107 -0.12273083 x 105 0.3353107L x 100 0.33791484 x 102  0.36759003 x 102 x
0.23647T5k x 103 -0.60210612 x 107 -0.29777311 x 103 0.B0623769 x 106 0.196351390 x 102 0.1180939k x 106 y
0.14100391 x 102 -0.21985514 x 10°  -0.21823177 x 102 0.46391206 x 106 0.10693340 x 10 0.90275367 x 107 z
0.54420375 x 10~2  -0,10580026 x 1072 .0.53683233 x 1072 0.13373155 x 10 0.19502342 0.18526L413 x
0.20959426 x 10'? -0.51763070 x 107  -0.27031253 x 10—? 0.70913297 x 10 0.16810133 x 10 0.13068467 x 10 v
0.11C75120 x 1072 -0.2815h471 x 107 .0.16603202 x 1072  0.39723221 x 10 0.93676150 0.72654386 _ z
t =56
0.15873555 x 100  -0.27395235 x 100 -0.13971138 x 105 0.37553851 x 106 0.40233251 x 103 0.42715663 x 107 x
0.30032454 x 107  -0.75911621 x 103 -0.38012271 x 102 0.10219099 x 107 0.24726075 x 100 0.18775757 x 106 y
0.176B9323 x 103 ~0.50506038 x 103 ~0.26783349 x 107 0.58409290 x 106 0.13523090 x 106 0.11216918 x 106 z
0.6356003% x 1073  -0.10985950 -0.70205672 x 102  0.15567812 x 10 0.28041501 0.25111306 X
0.23542220 x 1072 _0.:2172583 x 10~3  -0.30326241 x 1072 0.79271334% x 10 0.18634187 x 10 0.14535233 x 10 v
0.13110470 x 1072 0.34315207 x 102 ~0.17861991 x 10~  0.k39052k3 x 10 0.10304873 x 10 0.79558908 1




TABLE V.- TRANSITION MATRICES FOR Axg = Ay, = Azg = 10 STATUTE MLLES

AND Akg = Ay = &by = 50 FT/SEC

Trajectcry parameter Trajectory
- . . - parameter
X y z X N z
t =0
5.09999999 x 10 ) 0 ) 0 0 x
o 0.09999999 x 10 0 0 0 0 y
0 ) 009999999 x 1¢ ! 0 o z
o o 0 0.10000053 X 10 0 0 P
0 0 0 0 0. 10000006 x 1O o ¥
0 o 0 ) 0 0.10000022 x 10_| z
t =8
— . .
0.36370470 x 102 -0.51373120 x 102 -0.25903516 x 102 0.74368826 x 102 0.18%46582 x 10*  0.47801789 x 10° x
0.12298193 x 102  -0.41695600 x 10°  -0.1L805175 x 102  0.51665882 x 10°  0.16649170 x 109  0.9L706906 x 1013 v
0.95623534 x 10 -0.18083300 x 10°  -0.2373276h x 102 0.3245761% x 10°  0.6809498% x 100  0.10047958 x 10° z
0.1080308% x 10-2  -0.17498090 x 102  -0.B9520066 x 1072  0.25205794 x 10 0,22022894 0.2955131% x
0.8801296% x 1073  -0.228:1974 x 10~2  -0,10198458 x 10-  0.29640302 x 10 0.71853559 0.52854678 ¥
0.56714062 x 1077 -0.11508457 x 10~2  .0.99250823 x 1G™>  0.17780038 x 10  0.38278563 0. 35697605 N 4
t =16
— —
0.64406518 x 102 -0.98649506 x 102 -0.50163946 x 102  0.14176861 x 10°  0.87711550 x 10%  0.12002426 x 107 x
0.43065820 x 102 -0,11974707 x 103 -0,51640137 x 10< 0.15475762 x 106 0.41286815 x 102  0.28073512 x 10/ ¥
0.28644042 x 102, -0.58700634 x 102 -0.54814Gk1 x 102 0.93225206 x 10°  0,20300620 x 107  0.21739523 x 10° z
0.88482051 x 1077  -0.15398695 x 1072  .0.79150143% x 1072  0.21726859 x 10  0.24854717 0. 25458846 x
0.12281819 x 1072  -0.30795089 x 1072  -0.15009969 x 1¢-2  0.41131849 x 10  0.97727287 0. 74750598 ¥
| 0.7439598h x 107> -0.16316018 x 1072 -0.11587982 x 107  0.23969095 x 10 0.54237793 0.45111287 z
t o= 2k
5 .
F).87930868 x 102 -0.14038L85 x 103 _0.TI6L3A41 x 102 0.20008656 x 108  0.15801981 x 100  0.19274520 x 107 x
0.82153222 x 10 -0.21720049 x 102 -0.10004307 x 102 0.28592055 x 108 0.7240Gk2h x 107  0.52010990 x 107 y
0.51975072 x 102 -0.11081138 x 107 -0.90208545 x 102,  0.16905791 x 106  0.37658920 x 107  0.35873681 x 107 z
0.7551379% x 1073 -0.13630095 x 1072  -0.70000737 x 16>  0.18841117 x 10 0.23683219 0. 23390084 %
0.1477hL6l x 1072 -0.3668L132 x 10-2  -0.18476888 x 1072  0.4968271k x 10 0.11781436 x 10 0.90937364 ¥
| 0.87181590 x 1073 .0.1g97s2kk0 x 1072 0.12960552 x 1072 0.2B543780 x 10 0.6585u4k30 0.52850697 B z
t = 32
0.10817168 x 107  -0.177h112h x 102  -0.90597790 x 102  0.25065146 x 106  0.22323398 x 10°  0.25664325 x 107 x
0.12783789 x 102 -0.33027676 x 103 -0.15757734% x 103  0.3989835 x 106  0.10891237 x 106 0.80241562 x 100 ¥
0.78695117 x 10< -0.17190791 x 10° -0.12934267 x 103 0.25706597 x 106 0.58093200 x 10°  0.52102359 x 105 z
0.65529918 x 10=0  -0.12129787 x 1072  -0.62054023 x 10-2  0.16333465 x 10  0.215kkoou 0.20983025 x
0.16915440 x 1072 -0.4175293k x 1072  -0.21421558 x 1072  0.57132967 x 10 0.13540034% x 10  0.104B6748 x 10 ¥
L0.98197721 x 1072 -0.2262638L x 107%  -0.14201093 x 1072  0.32508619 x 10 0.75816450 0.59751831 2
t = 40
0.12583332 x 103 ~0.21060654 x 102 -0,10792625 x 103 0. 29457009 x 106 0.282243%3 x 10°  0.31390850 x 10% x
0.17946738 x 103 -0.45737636 x 105 -0.22322343 x 10> 0.61461262 x 106  0.15029210 x 106  0.11232106 x 108 y
0.10847118 x 103 -0.2L090722 x 103 -0.1719:853 x 103 ©.35607093 x 105 0.81251052 x 10°  0.70251637 x 10° z
0.57645980 x 102  -0,11011118 x 1075 -0.55934563 x 1073 0.14257779 x 10 0.19553k23 C.18908577 X
0.18931798 x 102  -0.46486280 x 102  -0.24148888 x 10-2 0.64170702 x 10 0.15186122 x 10 0.11781987 x 10 y
£.10855351 x 1072 -0.25266770 x 1072 .0.15380963 x 10-2  0,3%6225122 x 10 0.84918802 0.66246200 1 z
t = 48 i
r;.lhl72h09 x 107 -0.24172261 x 107  -0.12324367 x 103 0.33361169 x 100  0.3375u436 x 107 0.36702625 x 107 x
0.2360k062 x 103  -0.59809043 x 17 -0.29668964 x 107 0.80962921 x 100 0.1963747h x 106 ©0.14810111 x 106 y
0.14122236 x 10> -0.317404LG x 103 -0.21792842 x 103 0.46572611 x 100  0.10698115 x 106 0.90252627 x 107 z
0.53652935 x 1072  -0.10872430 x 1072  -0.54526366 x 10-3  0.1309257% x 10  0.19423369 0.18455057 X
0.21012533 x 1072 -0,51288187 x 1072  -0.26B99479 x 1072  0.7L337091 x 10  0.1682503h x 10  ©.13076110 x 10 v
_().1190219& x 1072 _0.27869913 x 107°  -0.16553319 x 10-2  0.39952280 x 10 0.93769030 0. 72669286 z
t =56
— —
0.15782160 x 103 -0.27685T79 x 102 -0.14061256 x 103 0.57270249 x 106 0.40156540 x 105  0.42627183 x 10° x
0.30093984 x 100  -0.75356112 x 103  -0.37862305 x 105  0.10266261 x 107  0.24737501 x 106  0.18778526 x 106 y
0.17T719589 x 105 -0.40167069 x 103,  ~0.26733906 x 103 0.58664089 x 106  0.13531196 x 10°  0,11215431 x 106 z
0.61960294 x 10~3  -0.66566026 x 1071  -0.6579616% x 1071  0.14987625 x 10 0.27799836 0. 24929500 x
0.23590352 x 1072 -0,24920973 x 1072  0.18369927 x 1072  0.79757937 x 10  0.1B65T4396 x 10  0,1454kL0T7 x 10 v
0.131418h2 x 102 0.85289428 x 103  0.21490502 x 10°2  0.44185603 x 10  0.10319427 x 10  0.79604369 3
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TABLE VI.- TRANSITION MATRICES FOR Axo = Ay, = A2, = 25 STATUTE MILES AND Akg = Ay, = Ag = 7% FT/SEC

Trajectory parameter Trajectory
J . . parameter
X y 2 X ¥ A
t =0
0.09999999 x 10 0 0 0 0 o x
0 0.09999999 x 10 0 0 0 0 y
[} 0 0.09999999 x 10 0 0 0 7
0 0 0 0.99999658 0 o %
0 0 0 0 0.99999698 0 y
" 0 o o o 0 ©.99999803 _ z
t =28
0.36282612 x 102 -0,51281767 x 102  -0.25967641 x 10°  0.743h6063 x 100  0.18240321 x 10%  0.47621837 x 10% x
0.12385800 x 102 -0.5118810k x 102  -0.14686503 x 102  0.51913641 x 107  0.16635403 x 102  0.94586597 x 10% ¥
0.96063475 x 10 -0.17763349 x 10°_ -0.23703495 x 10°  0.32596988 x 107  0.6803706k x 0% 0.10034698 x 107 z
0.10740953 x 1072 -0,17512946 x 1072  -0.89841693 x 102  0.25161196 x 10  0.22000910 0.25490758 %
0.88423k01 x 10-3  -0.22529840 x 102  -0.10122061 x 10°%  0.29802259 x 10  0.71835339 0.52838871 v
| 0.56896686 x 10-3  -0.11304408 x 1072 -0.99163680 x 1070 0.17868695 x 10 0.38262802 0.35633274 ] z
t =16
0.64087890 x 102 -0.98759530 x 102 -0.50%58471 x 102 0.14150152 x 108  ©.87559400 x 10%  ©0.12187446 x 100 x
0.4330191% x 102 -0.11798426 x 165  -0.51201133 x 102  0.15567819 x 106  0.41261964 x 109  0.28047250 x 10D y
0.28753007 x 102 -0.5T575253 x 102 -0.54738300 x 102 0.93728012 x 10°  0.20294347 x 107  0.21707847 x 107 z
0.8751403%5 x 1073  -0.15525216 x 1072  -0,797h4070 x 1073  0.21603543 x 10 0.24839591 0.25399740 x
0.12345161 x 102 -0.30257802 x 1072  -0.1h863238 x 10-2  0.41439505 x 10 0.9771593% 0. THTO9451 y
| 0.74673831 x 107> -0,15962171 x 1072  -0,11561467 x 102  0.25135082 x 10 0.5k253346 0.55049u21 B z
t = 24
— —
0.87287554 x 102 -0.14103305 x 107 -0.72025061 x 10°  0.19932577 x 105  0.15781299 x 107  0.19221698 x 109 x
0.82613710 x 102 ~0.21346781 x 103 -0.99073867 x 102 0.28795903 x 106 0.7239086h x 10°  0.5197651h x 109 ¥
0.52182968 x 102 -0.10845295 x 105 -0.90020780 x 102 0.17015745 x 100  0.37662729 x 105  0.35825763 x 105 z
0.74225947 x 1073 -0.13879713 x 1072  -0.70923454 x 10°5  0.18622411 x 10  0.23657151 0.2%323346 x
0.14868092 x 1072 -0.35870638 x 1072  -0.18254616 x 102 0.501547i4 x 10  0.11787269 x 10  0.90926378 v
_0.8760u120 x 1073 -0.19239078 x 10"  -0.12908452 x 102  0.28795017 x 10 0.65950581 0.52802783 | z
t =32
0.10710889 x 102  -0.,17897797 x 100 -0.91330236 x 102 0.24910785 x 10°  0.22202084 x 107  0.25589936 x 107 x
0.12861922 x 10°  -0.32381234 x 100 -0.15585148 x 105 0.44356085 x 106  0.10892269 x 106  0.80210076 x 109 y
0.79051093 x 102 -0.16787699 x 10> -0.12895934 x 103_  0.25902841 x 106  0.58119877 x 105  0.52043476 x 105 z
0.63794299 x 10-2  ~0.1252316k x 102  -0.63376396 x 1072  0.16004552 x 10  0.21494105 0.20899063 x
0.17045545 x 1072 -0.40666872 x 1072 -0.21117382 x 102  0.57793222 x 10  ©.13554584 x 10  0.10489657 x 10 ¥
[0.98802759 x 1073  -0.21967039 x 1072  -0,1k116278 x 1072  0.32859153 x 10  0.75921383 0.59724099 ] 2
t = 40
?.12&25952 x 103 -0.21357592 % 107 -0.10871486 x 103 0.29188279 x 105  ©0.28172608 x 107  0.31288891 x 169] x
0.1806B039 x 103 -0.44737515 x 103 -0.22049765 x 103 0.6204TT42 x 2105 0.15035927 x 10  0.112350450 x 106 y
0.10903125 x 103 -0.25h74351 x 103 -0.17126500 x 103 0.35920356 x 10°  0.81316402 x 107  0.70188663 x 107 z
0.5556653h x 10-3  -0,11610196 x 1072  -0.57827k64 x 103  0,13784125 x 10 0.19458073 0.18797491 x
0.19102185 x 10-2  -0.4SLL45L6 x 1072  -0.23758029 x 1072  0,65043641 x 10  0.15211158 x 10 0.1178995k x 10 v
[ 0-10935099 x 10-2  -0.24b43581 x 1072 .0.15255631 x 10"2  0.36689651 x 10 0.85081825 0.66245782 | z
t = 48
0.13943155 x 10> -0.24699587 x 103  -0.12512680 x 105  0.32925216 x 106  0.33663146 x 103  0.36560563 x 107 x
0.23869937 x 103 -0.58370858 x 102  -0.29271258 x 103 0.81833664 x 108  0.19653123 x 106  0.14811560 x 106 ¥
0.14205047 x 105 -0.30861168 x 103 -0.21680609 x 103 0.47037823 x 106  0.10710515 x 106  0.90194158 x 105 z
0.50TT1347 x 1077  -0.11974235 x 10-2  -0.57683370 x 103 0.,12377150 x 10 0.19227611 0.18277376 X
0.71218484 x 1072 -0.h9606442 x 1072  -0.26421436 x 10-2  0.72h38469 x 10 0.16862927 x 10  0.13088044 x 10 3
| 012006248 x 1072 -0,26856398 x 10-2  -0.16367608 x 102  0.405h5402 x 10 0.94004817 0.72705702 ] z
t = 56
[0.15640519 x 103 -0.28796186 x 103 -0.14400963 x 103 0. 36551674 x 106 0,39966764 x 107 0.42405482 x 100 x
0.30329984 x 100  -0.73324969 x 103  -0.37310757 x 105  0.10387933 x 101 0.2h766624 x 10 0.18785071 x 106 ¥
0.17834964 x 105 -0.38924538 x 103 -0.26545621 x 103 0.59319337 x 106  0.13551732 x 108  0.11211496 x 100 z
0.56343182 x 1072 -0.278967h0 x 101  -0.26845206 x 10-1  0.13590BL1 x 10  0.27202492 0.244783k 1 %
0.23785850 x 1072 -0.41168b27 x 102  _0.16735315 x 10~2 0.B1034488 x 10  0.1871567h x 10  0.14566860 x 10 v
|0.13261139 x 102 -0.13189248 x 10-2  -0.1648214k x 1073  0.kh908399 x 10  0.10355721 x 10 0.79713892 3




TABLE VII.- TRANSITION MATRICES FOR O&xg = 4yo

= Az, = 50 STATUTE MILES AND AXp = &Y, = g = 190 FT/iHC

Trajéctory parameter Trajectory
. N . parameter
x b4 Z x N 4
t =0
0.09999999 x 10 ¢} 0 0 5! o x
0 0.99999817 0 0 0 0 v
o ¢ 1,99999786 ¢} o 4] 2
o o 0 0.10000011 x 10 0 o %
o o o 0 0.10000U37 x 10 o} ¥
L 0 o o} o bl £.100000C" x 10_|] 3
t =8
0.36131L25 x 107 -0.51122189 x 107 ~0.26071957 x Jo? 0.7L7E515 X 100 0.17919816 x 104 0.4708833) x 104 x
0.12529794 x 102 -0.40359970 x 10 -0.14489219 % J,of 0.52671506 % 102  0.1659L51L x 103 0.9h22651% x 10% ¥
0.96781249 x 10 =0.17248L03 x 107 -0.23652622 x 107 0.33022979 x 10°  0.67863039 x 10 0.99953991 x 10* z
0.10635275 x 1075 -0.17529363 x 107 —0.90364260 x 1072  0.25020556 X 10 0.2193553% 0.25312459 x
0.8909z224 x 107> -0.22028308 x 1077 -0.99956005 x 1872 0.3009950k x 10 0. 71661196 0.52673307 y
L9'57190611 x 1073 -0.10977823 x 10-<  -0.99007606 x 1G7°  0.181L048B6 x 10 0.3821517y 0.35k41254 | z
t =16
0.6354k289 x 102 ~0.98886442 x 10¢ ~0.5067369L x 102 0.1406526% x 105  0.87098128 x 104 0.1208k172 x 107 x
0.43688007 x 102 -0.11516751 x 10 ~0.50477597 x 102 0.1585160k x 100 0.4118891% x 102  €.27968658 x 10 ¥
0.28929579 x 102 -0.55783300 x 107 -0.54605820 x 107 0.95276637 x 105 0.20276059 x 107 0.21613L87 x 1 2
0.85866164 x 10'2 -0.15709019 x 10-i -0.80700170 x 1¢72  0.21200617 x 10 0.24795305 0.25225343 X
0.12445128 x 1072 -0.29359678 x 107 ~0.14623670 x 207 0.42396848 x 10 0.97681916 0. 74588913 ¥
[ 0. 75125120 x 1073 -0.15L405%95 x 1077  —0.115176Tk x 107¢  0.2u646781 x 10 0.54300027 0.L4u866LAT ] z
t o= Ih
0.86190275 x 105 -0.14194221 ~0. 72687194 x 108 0.19689001 x 100 0.15718663 x 102  0.19065229 x 102 x
0.83370507 x 102 -0.20757716 ~0.97490663 x 162 0.20430272 % 106 0.72337168 X 102 0.51875346 x 107 ¥
0.52523154 x 102 -0.10L473770 -0.89705263 x 1021 0.17357441 x 106 0.37675069 x 10°  0.35684137 x 10° z
0.72025231 x 1073 -0,1k241736 ~0.72389546 x 1077 0.17914113 x 10 0.23580052 0.23124340 %
0.15023773 x 10-2  -0.34612309 -0.17895956 x 107¢ 0.51645977 x 10 C,11805040 x 10 0,908966H09 ¥
0.88301919 x 1072  -0.18460243 -0.1282%h41 x 107¢  0.2958750h x 10 0.66120511 0.52661109 ] 1
o= 22
0.10529246 X 102 -0.18121639 x 107 -0.92h99897 x 107 0.24b11552 x 106 €.20197353 x 100 0.253698% x 107 x
0.12991349 x 102 -0.31373776 X 107 -0.15305519 x 100 0.45508175 x 106 C.1089572% x 105 0.80117399 x 107 ¥
0.79636385 x 10 -0.16159718 x 10~ -0.12832799 x 103 0.26519140 X 106 0.58201928 x 109 0.5186Gr:05 x 109 z
0.60985289 x 10-2 -0.13092489 x 1072 _0.65860353 x 1077 0.14923350 x 10 0. 21340479 0.20651291 k4
0.17265087 x 1072 -0.39018423 x 1072  -0.20632464 x 104 0.59914400 x 10 ©.13599027 x 10 0.10499050 x 10 v
3.99818772 x 1073 -0.20064468 x 1072  ~0.13%980273 x L0~¢  0.33983008 x 10 C.7625068% 0.596L4G50 ] 2
t = L0
0.12150923 x 105 -0.21787272 x 107 ~0.11060401 X 103 0.283110%2 x 106 ©.28015865 x 102  0.30986312 x 102 x
0.18271094 x 1 -0.43198605 x 10~ ~0.21611T42 x 102 0.63614434 x 106 0.15056682 x 106 0.11226042 x lofj y
0.10996267 x 103 ~0.2252k941 x 107 —0.17015435 X 105" 0.36915261 x 106 0.B151529h x 10°  0.700C3278 x 107 z
0.51987074% x 10-2  ~0.12510826 x 10*? -0.6082635T7 x 1072 0.1221390k x 10 0.19167900 0.18462849 x
0.1939477h x 1075 -0.43071354 x 1072 -0.23142963 x 107 0.67903812 x 10 0.15287803 x 10 0.1181L662 x 10 y
| 0. 11074737 x 107° ~0.23211861 x 10-2  _0.15055817 x 107 0.38205983 x 10 0.8557930% 0. 66269294 | i
t = L8
0.13550772 x 103 -0.25505523 x 102 -0.12814460 x 103 0.31497127 x 100 .33386512 x 100 0.36138093 x 109 x
0.24167836 x 102 -0.56173659 x 102 -0.28637222 x 102 0.84642703 x 106 0.19701412 % 106 0.14816801 x 106 ¥
0.14384365 x 1 -0.29513752 x 1073 _0.21498222 x 103 0.4853380h x 106 0.10747580 x 106 0.90024927 x 107 z
0.45914992 x 1073 -0.1433375% x 1071 -0.62993321 x 10=5  0.10051869 x 10 0.,18637518 0.177465:5 %
0.2158238k x 107 -0.3136691k x 10-€  -0.256717hl x 107" 0.76134567 x 10 0.16978731 x 10 0.13130946 x 10 3
_0.12187356 x 1072 -0,12l4kg61 x 102 -0.16053895 x 107 0.42518802 x 10 0.94T723199 0,72819823 ] z
t o= 46
0.14867640 x 1070  -0.30466086 x 10°  -0.14973271 x 102  0.34252128 x 105 0.39399525 x 102 0.417488L1 x 105\ x
0.30737683 x 103 -0.69845210 x 107 ~0,36410730 x 102 0.10787060 x 107 0.24855517 x 106 0.18805806 x 10° ¥
0.18031402 x 107 -0.36816753 x 103 -0.26206679 x 107 0.61453126 x 106 0.13614115 x 106 0.11200299 x 106 z
0.47870628 x 1070  -0.15128520 x 1071 -0.13995260 x 1072 0.95691162 0.25469789 0.23173057 x
0.24162599 x 10'? ~0.39468B64 x 1072 _0.21776102 x 10™%  0.85496023 x 10 0.18887428 x 10 0.14633341 x 10 ¥
LQ-DWOSWB x 1072 -0.16h41561 x 1072  _0.84359317 x 1077 0.47351832 x 10 0.10460688 x 10 0.80028595 _ z
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TABLE VIII.- TRANSITION MATRICES FOR Axg = Ay, = Az, = 150 STATUTE MILES AND Ako = Afg = Ao = 300 FT/SEC

Trejectory parameter Trajectory
x ¥y 2 % ¥ 3 parameter
t =0
0.09999999 x 10 ) 0 0 0 0 x
o 0.99999939 0 o 0 ] Y
o] [¢] 0.95999928 o] o] o] z
0 0 0 0.10000022 x 10 0 0 %
o 0 0 0 0.10000022 x 10 0 v
| o] o} o o o 0.10000003 x 10_| I3
t =8
ro.jsbnbol x 105 -0.5040979% x 102  -0.26457945 x 10  0.7h086279 x 102 0.17272k92 x 10%  0.46013645 x 10% x
0.13076790 X 10 -0.37318297 x 102 -0.13707884 x 102 0.54244316 x 107 0.16511833 x 102 0.93492695 x 104 y
0.99449071 x 10 -0.15391689 x 102 .0.23421080 x 10°_  0.3390475 x 107  0.67507816 x 10°  0.99167750 x 10 z
0.10187337 x 1072 -0.17511209 x 102  -0.92295523 x 103  0.24701975 x 10 0.21801654 0.2k953382 %
0.91556916 x 105  -0.20226207 x 1072  _0.95016807 x 10>  0.31341042 x 10 0.71306567 0.5233551% ¥
0.58228721 x 107 -0.98181897 x 10~> -0.98257685 x 10-3  0.18708996 x 10 0.38115581 0.35057388 3
t =16
0.61222373 x 102 _0.98843139 x 102 -0.51827879 x 102  0.13869%41 x 106  0.86165181 x 10% 0.11876309 x 102 x
0.45135338 x 102 -0.10517729 x 107  -0.4768437h x 102  0.16453901 x 1 0.41039985 x 102  0.2780693L x 107 y
0.29569902 x 102 -0.46h99705 x 10°_  -0.54022151 x 10°.  0.98550856 x 107  0.20237490 x 100  0.2123788 x 107 2
0.78866366 x 10-3  -0.16187795 x 102  -0.84134248 x 107>  0.2026732k x 10 0.24706798 0.24875288 *
0.12841994 x 10-2 -0,26358927 x 1072 .0.13722488 x 10-2 0.44476945 x 10 0.97608850 0.74335045 y
__0.76768178 x 1073 -0.13512781 x 10°° -0.11338851 x 102  0.257568L3 x 10 0.5k390L01 0.54495919 _ z
t =24
R.Blb97§02 X 105 .0.14398105 x 107 -0.7506688k x 10°  0.19117640 x 105 0.15592056 x 102  0.18750786 x 10° x
0.86254052 x 102 -0.18733273 x 103 -0.91520221 x 10° 0.30810223 x 106 0.72226567 x 102  0.51664627 x 109 ¥
0.53779127 x 102 -0.92056162 x 102 -0.88L0840L x 102 0.18097847 x 105 0.37697498 x 107  0.35398317 x 107 z
0.62522013 x 10‘2 -0.15212845 x 10',‘ -0.77497952 x 1072 0.1620T946 x 10 0.23k22293 0.22726162 x
0.15640652 x 1075 -0.30503027 x 102  -0.16590379 x 10-2 0.55017809 x 10 0.11841113 x 10 0.90823425 ¥
| 0.91003323 x 1073 -0.15519089 x 1072  -0.12502276 x 102  0.31372089 x 10 0.66463495 0.52372662 ] z
t =32
Fo.97u59199 x 102 -0.18688428 x 103 -0.96628079 x 102 0.23209827 x 108 0.22004606 x 102  0.2492779% x 105 x
0.13498620 x 103 -0.28015245 x 103 -0.14274275 x 103 0.4B0BG6G5 x 106 0.10502758 x 106 0.79920138 x 107 v
0.81872623 x 102 -0.14072680 x 107 -0.12586807 x 105 0.27892420 x 10 0.58366446 x 10° 0.51517932 x 107 z
0.48587140 x 1075 -0.14701158 x 1072  -0.72596241 x 1073  0.12202971 x 10 0.2102312k 0.2015433 %
0.18181319 x 1072  -0.33879016 x 1072  -0.18924139 x 1072 0.64934452 x 10 0.13690611 x 10 0.10516834 x 10 v
0.10399600 x 1072  -0.17827087 x 102  -0.13488214 x 1072  0.36629506 x 10 0. 76894137 0.59483296 z
t = 40
ro.logsone x 102 -0.23027757 % 103 -0.1172346% x 103 0.26136934 x 100 0.27694901 x 102  0.30378480 x 109 x
0.19094809 x 103 -0.38186L76 x 100 -0.20032212 x 103 0.68231401 x 106 0.15099566 x 106 0.11215819 x 106 ¥
0.113667:1 x 10> -0.19431570 x 103 -0.16595434 x 103 0.3920b154 x 106 0.81920282 x 105  0.69628333 x 107 z
0.35909029 x 10-3  -0.58482333 x 102  _0.71596754 x 10-3  0.8101Gk02 0.18566590 0.17790889 %
0.20689417 x 10-2  -0.28132498 x 102  _0,21043215 x m-f 0.75046971 x 10 0.15447286 x 10 0.11863954 x 10 y
0.11684471 x 1072 -0.13263732 x 1072 -0.1k309719 x 1072  0.41966245 x 10 0.86607746 0.6625666k4 _J 2
t = 48
0.11825771 x 107 -0.27713403 x 102  -0.13901747 x 107  0.27864809 x 106 0.39819668 x 107  0.35200693 x 102 x
0.25L27772 x 1 -0.L8705836 x 107 -0.26361333 x 107  0.91394711 x 108  0.19801636 x 106 0.14826030 x 105 y
0.14923523 x 105 -0.24973074 x 103_  -0.20759903 x- 163 0.52104837 x 106 0.10824060 x 106  0.896824k9 x 107 z
0.24477089 x 1072 -0.16069633 x 1072  -0.51327803 x 10-2  0.38880778 0.17443918 0.1669582} x
0.23326051 x 107 -0.36725461 x 1072 -0.17k90567 x 1072 0.86015064 x 10 0.17220190 x 10  0.13217684 x 10 N
|0.13033551 x 1072 -0.19369680 x 102  -0.10064129 x 10-2  0.h7724430 x 10 0.96211188 0. 73049524 z
t = 56
0.12397543 x 103 -0.32147390 x 107 -0.16339421 x 103  0.28394923 x 108  0.3826854% X 100 0.40451481 x 107 x
0.32964419 x 103 -0.594157h5 x 103 -0.32804397 x 103 0.11794450 x 107 0.25039176 x 106  0.188L5956 x 106 y
0.18890714 x 105, -0.30633312 x 103 -0.24T18691 x 103 0.667T7667 x 100 0.13761779 x 106 0,11177076 x 10 z
0.16111887 x 10" -0.14605300 x 102  -0.82152985 x 10-3 -0.86886227 x 10-2 0.22245477 0.20749206 %
0.263279% x 102 .0.37654679 x 10°2  .0,22509822 x 1072 0.98779433 x 10 0.19228441 x 10 0.14761472 x 10 ¥
[0-14562739 x 1072 -0.19942962 x 102  -0.13230559 x 10-2  0.5h38129h x 10 0.10673357 x 10 0.80596763 ] 3

22



GE0686H0 " = Chocgstle | ¢zzeTTi #S | 01geos el | 0G60ss gl onTluh 26l 02¢9¢l:L6 00¢
OG- G | 060G6L°0L | OTLGLS TQ | 069599798 | 086631 ¢6| 0GeHOL 96| 028966°g6 0S¢t
0666¢0°gL | 066TLT-Lg | 060£90 26 | 0666807 G6 | 09¢52T L6] 0GTenG 86| 088¢GE 66 aL
0941090°9g | 0TLOTZ 26 | 066922766 | 0GLEHO* L6 | 966592 Q6| 0¢eQTT 66| ohl62L: 66 (o]4
096165 °6g | 2¢898T 46 | 065¢GH 96 | 096208 L6 | OGHOOL 86| 0T6HNE 66 +L200g° 66 o%
0%0GHE 96 | 0gT6LO"g6 | 0T6EER 96 | 092082 66 | QGGLLG66] 9L198L-66] QLGGCE 66 o2 098/43 Oxw o«m\p«m
00LGHG LL | 2%QT<9°2g | 0£9¢Sn 98 | 0¢L9LG 6Q | ogghge chp 08L0gL 16| 00L06S L6 04T
OLECEE 26 | 960Q0L %6 | 0669487 C6 | OHvOLL 96 | 00RQeG L6 0TOGLE g6 ¢Llgzoz 66 06
Q26LG 96 | OTCOGH L6 | €LG900°86 | 096GHH @6 | ONeTHE 86| BLGOTZ 66| cHSoH9 66 G
L229TL g6 | g6L3C0"66 | 06QLG2 66 | 06leeh 66 | 008695 66| LSgHOL 66{ L6T6GQ 66 0T
96gLez 66 | 066CLY 66 | 0TREESE 66 | 062TE9°66 | 09L29L 66| 0¢90Hg 66 69HEe6™66 9
€0%09g° 66 | OW696Q 66 | 0096T6°66 | 0GTEL6°66 | 96MKGE6 66| OHOTLE 66| L6666 z seTmm “xv oxm\pxm
SATIBATJIOP TBI4Ied TBUTWOU JO quUadIag Ao,v
L2eSThl T |onGgeTH T {OLtelef T |2S0TER9 T | QLOCLTE T |67T4ehT 2 |00THLESSG 2 oT o9s/13 ‘Oxv o«@\p«m
SONLg 6GT|  HE6LO*CHT| LTHLL:92T| QO66L°QOT| 0QLOTS 9g| ¢C6¢6S h9| Colen 9¢| T sTTm Oxv | Oxo/¥x¢
SSATIBATIOD TBTIBA TBUTWON va
9q oh Ot 2¢ 2 9T Q QUSWS.IDUT STQBTIBA sATaEATIE
Iy ‘3 ‘uoTiresul woxI awIj pasdeTd 90URQINAS T TeTRIed

TONVEENILSTA NI SASVAHONI WOHd ONILTINSHI

STATIVATEAC TYVIINYd ANV SEAILYATMHEQ TVIIMYd TYNIWON —°*XTI HTHEVL

23



O%ZZTO 49 |02TL90"6L [0L20de Ly Jo2sThh 26 |0galel 66 094TLO g6 |02LL09"66 O%
266650718 [0£868L 68 |0L8626°C6 |0950LE 96 |0829L6° L6 09L0L0"66 |0HTITR 66 0
B6LGT2 06 [020THE 16 |09EH20°L6 |0TOSGTZ 96 |ONEC00 66 [oHTENG 66 | 00960666 0T 03s/43 ¢, %xv o«m\p«m
Letinb 26 | GHIGHT G6 |$H9926°96 |28L685° L6 |Lowon g6 |Sgrhoz 66 90T9¢Q° 66 okt
WGTETS 96 [STSTHO L6 |Q00STS g6 |08TS29 96 |ghgbhe 66 |LLS609°66 |w22616:66 0z
COLGHES 86 | 185028786 |98GTST 66 |S00M0H 66 |T99ETY 66 [22Te6L 66 |g9ccHs 66 ot oes/43 ¢, Oxv oxm\pxm
£1TO0T9A UOTRISSUT UT S83UBYD STOSUBUBLSUT Anv
06t2Lg 98 | 95662 LLT| 9199-67T| 620Lh°92T| gnlog: #TT| L609g°90T| +LLOT'TOT GL
62819 LQT{ 00860°LET| GLl2To6TT| LTT20 TTT| 960¢T 90T| TL2LL 20T TOS9H* 00T &
T996S5 7ET| LH2QL HTT| ¢6RST QOT| Gohll OT| GHL€9°20T| T66LT TOT| TT66T 00T 0T
9LRTE OTT| 6HWESH"LOT| 0999T +OT| TQTGH 20T| 04TSE TOT #T£09°00T| 9LTOT 00T g setm ¢, %xv o«m\p«m
99226°GTT| £gH09°cTT| SHoMh 90T| LQTEC 20T (466865 66 |12h650°L6 QGHOH6 16 ¢l
112G 0TT| HL6TE GOT| TGEHO COT| Goz2lt TOT| gL002°00T 92O 66 |6QLLOC 66 &z
N8O HOT| GSGO¢ 20T| 6+29¢ TOT| 80099 00T| LS92T 00T 0HLTLY 66 |6296TS 66 0T
GEHTT"20T| STERT TOT| HIOTL 00T| $9LSE*00T|9e6926 66 |25666°66 |94TT99 66 G seTTw ¢,%v oxm\pxm
L10109(®I] 20USISISI UT S4JITUS (=)
94 o 0% 2¢ e 9T 8 JUSWSIOUT| STYBTIBA OATIBATIOD
= JO UOT3ISSUT WOIJ SInoy pasdeTs JI0J anTBA TEBUTWOU JO qJuUadIag £10909l®Iq UT a3uBy) TBTBd

ALIOOTHA NOTIMESNI NI SHONVHO SNOINVINVISNT

ANV XHOLOZCVUL IONTYHATY NI SLATHS WOHd DNITINSTM STATIVATMEC TYIINVd -°X TIGVI

2L



Figure 1.- Circumlunar trajectory projected to XY-, YZ-, and ZX-planes.
statute miles.

All dimensions are in
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Time from insertion, hours

Figure 10.- Effect on trajectory displacement of omitting mass.
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